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FACTORS IN RESISTANCE TO TUBERCULOSIS*
B. GERSTL AND R. TENNANT
The investigations of Sabin and her co-workerse9 demonstrated
that the tubercie phosphatide was the biologically most active frac-
tion ofthe various split-products of the tubercle bacillus as separated
by Anderson.2 It produced epithelioid cell response and tubercle
formation. Sabin also observed that, after intraperitoneal injection,
the rabbit monocytes phagocytized the phosphatide, but were not
able to destroy it. Similar results were published later by Roulet."8
Thomas and Dessau,40 however, demonstrated that mice reacted only
slightly to the injection of the tubercle phosphatide and were able
to eliminate it without the development of a long-continued cellular
reaction. These observations suggested that the mouse cells or a
group of them were able to break down the tubercle phosphatide
rapidly and to change it into a biologically inactive substance, while
those of the rabbit phagocytized the phosphatide but eliminated it at
a slower pace, if at all. These differences in response gain interest
when correlated with the pathology of tuberculosis in both species.
Previous investigations"5 have demonstrated that the innate high
resistance of mice to tuberculous infection is not based purely on
cellular response or on hypersensitivity. The mouse appeared to
have additional means of resistance. Among these, the ability of
the cells to break down the complicated lipoid fractions of the
tubercle bacillus may be one of the factors.
Ifthis assumption were correct, a difference in the amount or rate
of splitting of the tubercle phosphatide effected by the cells of vari-
ous species should be detectable and, if any splitting took place, one
or several cleavage products of the tubercle phosphatide should be
demonstrable.
A qualitative determination of the enzymes responsible for the
splitting seemed essential before beginning a quantitative comparison
between various species.
* From the Laboratory of Pathology, Yale University School of Medicine.
These investigations have been supported by funds provided by the Research Com-
mittee of the National Tuberculosis Association.YALE JOURNAL OF BIOLOGY AND MEDICINE
Methods
A. Methods of estimating the amount of splitting.
Among the cleavage products which allow quantitative estimations of
the degree of splitting of the tubercle phosphatide are the reducing substances
and the inorganic phosphorus. The amount of reducing substances present
in the reaction mixture after incubation with organ preparations containing
several enzymes was thought to be an unreliable indicator, since enzymatic
processes may react simultaneously on the sugars. The inorganic phosphorus
liberated from the organic phosphorus present in the tubercle phosphatide
would not be subjected to these influences, and was therefore taken as the
indicator of the amount of splitting performed. This method corresponded
to those applied by several authors17' 22, 2&, 24, 25, 26, 35 investigating other
lipoids. The phosphorus was estimated by the colorimetric method recom-
mended by Kuttner and Cohen;',3' the advice regarding preparation of
solutions and corrections for calculation published by Bodansky6 were also
applied. In the earlier experiments, a Klett colorimeter was used; later
estimations were carried out by means of an Evelyn photoelectric colorim-
eter. 2 This allowed not only the estimations on smaller amounts of reaction
mixtures but replaced also the subjective readings on the Klett colorimeter by
those on a galvanometer scale.
B. Substrates.
The tubercle phosphatide as employed in these experiments was that
from a human strain of tubercle bacilli separated by Dr. Anderson.2' 8 Its
structural formula is still unknown. Cleavage products recovered on hydrol-
ysis may be seen from Table I. The total phosphorus in this preparation
was 3.4 per cent.
TABLE 1
CLEAVAGE PRODUCTS OF THE PHOSPHATIDE RECOVERED FROM HUMAN
TUBERCLE BACJLL1
Total ether soluble . .................................................... 66-67
Palmitic acid ........................................................... 30.5
Oleic acid after reduction to stearic acid ............. .................... 12.8
Liquid saturated fatty acids, presumably mixtures of tuberculostearic and
phthioic acids . ..................................................... 20.9
Total fatty acids recovered .................. ............................ 64.2
Water-soluble constituents .................. ............................ 33.34
Mannose ............................................................ 9.2
Inosite ............................................................ 8.9
Other sugars ........................................................... 12.3
Glycerophosphoric acid .......................... ........................ 5.4
The lecithin used in several experiments was an egg lecithin (Pfanstiehl)
obtained commercially.
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Cephalin was prepared according to Levene.3'
Sodium-ft-glycerophosphate was also commercially available (Eastman);
it did not contain free phosphorus.
The potassium salt of diphenylorthophosphoric acid was prepared accord-
ing to Neuberg and Simon."
C. Bufer.
Except for preliminary experiments carried out with glycine buffer, the
Michaelis veronal buffer"2 was used throughout. The experiments testing
the cleavage of lipoids were set up at a pH of 7.6 found optimal by E. J.
King23 and other authors; phosphatase determinations were done at a pH of
8.3 which was close to that optimal for mammalian tissue phosphatases (Folley
and Kay"').
D. Enzyme preparations.
In the first experiments, watery suspensions of the various organs (1:10)
were employed; a few drops of toluene were added to prevent bacterial
contamination.
Wherever the effect of whole organs was wanted, powders were pre-
pared by consecutive treatment with acetone, ether, alcohol, and finally ether.
It is known that enzymes, particularly lipases are well preserved with acetone-
ether treatment. Alcohol is said to have an untoward effect upon lipases,42
but precipitates lecithinase,42 and has no adverse effect upon phosphatases.'
This method gives fairly constant yields.
From these finely ground powders, watery suspensions containing 10 mg.
per cc. were made up shortly before use. Phosphatases were purified accord-
ing to two methods, that of Albers' and that of Gulland and Jackson.1'
Other purification processes will be described at the proper place. Any par-
ticular enzyme preparation was made up from at least 20 mice of various
strains in order to exclude individual variations.
E. Concentration of substrates; procedures.
For phosphomonoesterase determinations, 1 cc. of a 2.5 per cent sodium-
,B-glycerophosphate solution, if not otherwise indicated, was employed as
substrate. For diesterase determination, 1 cc. of the diphenylorthophosphate
solution with a molarity of 1/28.8 was used. When tubercle phosphatide,
lecithin, or cephalin served as a substrate, 2 cc. of a 0.25 per cent suspension
were used. This is a concentration similar to that used by King.23 In a
typical experiment 1 cc. of enzyme suspension was mixed with the appropriate
substrate (as indicated before) and made up to a total volume of 5.5 cc. with
buffer. All sets were made in duplicate. Several experiments were repeated
with enzyme material prepared at different times of the year to exclude
seasonal variation in the enzyme content of the animals. The average values
were recorded. All experiments were incubated at 370 C., and kept in
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motion by a shaking mechanism. The incubation time is indicated for each
experiment.
At the end of incubation, 2 cc. of a 15 per cent trichloracetic acid solution
were added. Control sets containing a corresponding enzyme suspension
without substrate and containing only substrate were set up and their phos-
phorus content subtracted from that found in the set first mentioned.
Results
In preliminary experiments, it was found that suspensions of
fresh organs as well as suspensions of acetone-ether-treated mouse
extracts were able to split off some inorganic phosphorus from the
tubercle phosphatide. Considering this fact and reviewing the pos-
sible enzymes which might have accomplished this, the assumption
that the cleavage of the phosphorus was due to phosphatases was
suggestive. If the splitting of the tubercle phosphatide was the
result of the action of only mono- or diphosphoesterases, then the
amount of splitting of the tubercle phosphatide with various extracts
of the parenchymatous organs should be proportional to their phos-
phatase content. Therefore, extracts of the parenchymatous organs
were tested fortheir splittingactivity on sodium-e-glycerophosphate,
diphenylphosphate, and tubercle phosphatide as substrates. The
results appear in Table 2, part A. These indicate clearly that the
splitting accomplished on the tubercle phosphatide does not follow
the simple assumption above.
Since the time of incubation for the experiments recorded in
Table 2 differed for the various substrates, it was thought that a
TABLE 2
COMPARATIVE SPLITTING EFFECTS OF ACETONE-ETHER-TREATED POWDERS
AND PURIFIED EXTRACTS (GULLAND)
A. Splitting effect of acetone-ether treated B. Splitting effect of Gulland
powders on extracts on
Sod. ,8- Sod.,8-
glyc.phos- Diphenyl TB phos- glyc.phos- Diphenyl TB phos-
phate phosphate Inc. phatide Inc. phate phosphate Inc. phatide Inc.
Enzymes mg. phos. mg. phos. time mg.phos. time mg.phos. mg. phos. time mg. phos. time
of split off split off hrs. splitoff hrs. splitoff splitoff hrs. splitoff hrs.
Lung .0044 .0109 1 .0532 64 .077 .0045 1 .00046 64
Liver .0115 .0071 1 .0026 64 .010 .0066 1 .0148 64
Spleen .0062 .0079 1 .0168 64 .020 .0034 1 .0255 64
Kidney .0410 .0954 1 .1103 64 not carried out .0238 64
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study of the reaction velocities for these three processes would fur-
nish a more reliable comparison. This was done with identical
extracts of the two organs showing the highest splitting (lung and
kidney). The substrate concentrations in these experiments were
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equimolar (1/28.8 mol.) for the determinations of both phos-
phatases. The concentration of thetubercle phosphatide was
S mg.
per reaction mixture, which approximates that of the other substrates
although, of course, it was a colloidal suspension. The results are
recorded in Chart 1. The difference in the reaction rates for the
splitting of the synthetic substrates compared to those of the tubercle
phosphatide was striking.
If the phosphatases were responsible for the cleavage of the
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tuberde phosphatide a purified extract with an increased phos-
phatase activity should produce a proportionally greater splitting.
Enzyme extracts were prepared from the mouse organs by Gul-
land and Jackson's method, concentrating the phosphatases as indi-
cated by their splitting of the synthetic compounds. The results are
also recorded in Table 2 (part B). A marked decrease in the split-
ting effect of the lung and kidney preparation on the tubercle phos-
phatide was obvious.
Extracts were also made from mouse organs by the procedure
recommended byAlbers.' These exhibited a markedly higher phos-
phatase activity than had the former preparations. An amount
having the activity of 2.4 Bodansky units (determined on sodium-p-
glycerophosphate) was incubated with tubercle phosphatide for 24
hours in sev-
A. 2.4UNITS OF 5. 2.4 UNIT OF eral sets vary-
0L 0w2- PURPFIEDMOUSE PHOSPHATASErIN I ing the pH 0 071 PHOSPHATASE ON INTESTINAL MUCo fro
3 TB PHOSPHATIDE SUSPENSIONON but
a T13 FHOS PHNI0C 8.9; but there
.03 .036 was almost no
[ 0 .01 separation of .0
* inorganic phos-
phorus from
CHART 2 the tubercle
phosphatide.
When, however, a saline suspension of rabbit intestinal mucosa con-
taining the same amount of phosphomonoesterases acted upon the
tuberde phosphatide for a similar period of time, 0.0431 mg. of
phosphorus weresplitoff (Chart 2).
All ofthese results suggested that phosphatases were not the only
enzymes which determined the cleavage of the tubercle phosphatide.
A second participating factor had to be assumed. Since fatty acids
are prominent cleavage products of the tubercle phosphatide,3 it
seemed possible that the break-down was accomplished by the com-
bined action of a lipase (in a general sense) and a phosphatase.
This would explain the increased splitting performed by the crude
intestinal mucosa suspension. Three groups of experiments were
designed to elucidate this concept: First, employing enzyme prepa-
rations of known action; second, testing enzyme preparations from
organs on known substrates, and finally, employing specfic inhibitors.
In order to test the effect of a known lipase when combined with
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that of a phosphatase, two types of lecithinases were employed; one
obtained from the venom of the diamond-back rattlesnake. This
rapidly converted lecithin into lysolecithin, -as indicated by the
hemolytic activity (Delezenne and Ledebt10). The venom pro-
duced no phosphatase activity.,
Several test-tubes, each containing S mg. of tubercle phosphatide
and 0.5 mg. ___ __ __ __ _.106
of snake yen- A. Tb PHOSPI4ATIDE a. Ts PHOSPHAT109
Om, were in-
on onIH1AE cubated at a ~.7
pH of 7.6' SZ for 24hours. .036. .036
Toeachwere .os.1
1he0 mde gLUfNG LIVER SPLEENKIIMPE WNG UVf.R SPLEEN KIDNEY
extract
of EFrECT OF PUR~IFIED t2AO PH03PHATASE PREM^RATIONS ON
mouse liver, CHART 3
lung, spleen,
or kidney (prepared by the method of Gulland, which yields
predomiunantly phosphatases) and the reaction mix-ture was incu-
bated for another 64 hours. Controls were set up in which the
phosphatide had been previously incubated only with buffer. As
may be seen from Chart 3, there was a uniform and marked increase
in th-e splitting effect for all of the reac-
u.40 A. tion mixtures set up with the pre-treated 6 0 HUMAN tubercle phosphatide.
PHSPATSEFor comparison, a similar extract was
i' 0 prepared from the mucosa of human small
.10. intestine and tested on both untreated
Ud ~~~~tubercle phosphatide and on one pre- 0 t ~~~treated with lecithinase "A." The results
UTAED PRETREATED w-ere similar to those mentioned above
LECITH4INASE"K (Chart 4). It should be mentioned here
CHART 4 that the lecithinase used, unlike its action
on lecithin or cephalin, did not convert the
tubercle phosphatide into a hemolytic compound. This was deter-
mined by incubating tubercle phosphatide, pre-treated with venom,
in amounts varying from 0.1 to 2 cc. of a 0.25 per cent suspension
with 1 cc. of a 4 per centsuspension of washed erythrocytes (rabbit).-
Since the experiments seemed to indicate that the lecithinase
obtained from venom promoted the splitting effect, an attempt was
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made to determine if and to what extent a similar enzyme could be
detected in the parenchymatous organs of the mouse.
As a first step, sterilely prepared saline suspensions of organs
were incubated with buffer for varying lengths of time and 1 cc. of
a 4 per cent erythrocyte suspension (rabbit) was added and then
incubated for another two hours to determine the presence of
hemolytic substances. The erythrocytes were previously tested for
their fragility. Hemolytic action was not observed with any of the
suspensions save for that of the spleen; here a slight hemolysis was
noted after 24 to 48 hours of incubation. It was conceivable that a
hemolytic substance present might have been inhibited, since it was
noted that lysocithin lost its hemolytic ability within a few minutes
when mixed with the saline organ suspensions.
In order to avoid this possible inhibiting effect, organ powders
prepared by the acetone-ether treatment were suspended in a buf-
fered saline in amounts of 5, 10, and 15 mg. and were used in place
of the saline suspensions.
The results were as follows:
1. The powders of the liver, lung, and spleen produced hemol-
ysis after 24 hours of incubation; no hemolytic action was observed
before and after this time.
2. When the powders had been heated to 600 C. for 10
minutes, no hemolytic activity developed.
3. The addition of quinine 3.3/10,000 did not prevent the
appearance or disappearance of hemolysis.
4. Addition of lecithin at the start of the experiment did not
promote or increase the hemolytic activity.
5. Complete removal of lecithin from the organ powders (pro-
cedure according to Hewitt19) did not prevent the occurrence of
hemolysis after 24 hours of incubation.
6. The kidney powder did not produce hemolysis in any
instance.
Thus, the conclusion seemed to be justified that the hemolysis
produced by various mouse organs was due to a fermentative process,
but there was no indication of the presence of a lecithinase similar
to that in snake venom.
In line with the former assumption of the necessity of a second
enzyme for the splitting of the tubercle phosphatide another lipoid-
splitting enzyme had to be looked for. In experiments carried out
again with organ powders prepared as before and using lecithin and
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cephalin as substrates a considerable splitting effect was noted.
(Table 3.)
TABLE 3
EFFECTS OF ACETONE-ETHER TREATED MOUSE EXTRACT ON LIPOIDS
Result on lecithin Re-sut on cephalin
Amount Time amountof amount of
of of mg. split splitting in mg. split splitting in
Enzyme substrate incubation off % off %_0
Lung, 1 cc. susp. 2cc. of 64 hrs. .0643 35.7 .0571 31.7
0.25%'
suspensioxn
Liver, " "
i " .0595 33.0 .0450 25.0
Spleen, " " .
I not carried out .0120 6.7
Kidney," " . " " .1681 1 93.3 .0658 36.5
Hence, a marked amount of a lipoid-splitting enzyme was
present. To obtain this lipoid-splitting enzyme in relatively pure
state, extracts of mouse liver were prepared, since this organ
was relatively low in phosphatase content. The tissue was ground,
shaken with acetone and ether, and dried at a low temperature;
the powder obtained was suspended in 87 per cent glycerol
(1:16), incubated for from 6 to 12 hours, and again shaken for
several hours. Subsequently, the glycerol content was diluted to
approximately 15 per cent by adding distilled water, the mixture
was filtered through filter paper of open texture, and 20 vol. % of
a mixture of n NH4CI and n NH3 (1:1) and 22 vol. % of a 10
per cent magnesium acetate solution were added. The resulting
precipitate was filtered off quickly. The filtrate was acidified by
adding 1 vol. % of it acetic acid. Finally, ice-cold 95 per cent
alcohol was added (1:2) and the mixture was kept at 00 C. for 24
hours. The precipitatewhich formedwas filtered off, dried, ground,
suspended in distilled water, reprecipitated with 95 per cent alcohol,
filtered off, and dried at 00 C. The precipitate recovered did not
contain phosphatases and did not convert lecithin into lysocithin.
It showed some butyrase activity, as will be discussed later.
Eight mg. of this precipitate were incubated for 48 hours with
2 cc. of a 0.25 per cent lecithin suspension in one set and with 2 cc.
of a 0.25 per cent tubercle phosphatide suspension in another set.
A phosphatase prepared from mouse organs according to Gulland
and representing an activity of 0.07 Bodansky units was subsequently
added. Controls were run with each of the enzyme preparations
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for a corresponding time. The precipitate alone failed to separate
any phosphorus; but with the addition of the phosphatase, 64.5 per
cent and 96 per cent of the phosphorus were split off from the two
substrates. The phosphatase alone accomplished but little cleavage
of either substrate. (Table 4.)
TABLE 4
EFFECT OF LECITHINASE AND PHOSPHATASE SINGLY AS COMPARED WITH THEIR
COMBINED ACTION ON LIPOIDS
Time Phosphorus split off from
of Lecithin TB Phosphatide En________e__ incub. mg- % mg. %
Lecithinase "B" 120hrs. .... ...
Phosphatase 72hrs. .0090 5.0 .0180 10
Lecithinase plus 120hrs. .1160 64.5 .1682 96
Phosphatase 76 hrs.
The experiment was repeated with lecithin as a substrate; in
this instance the liver precipitate was dialyzed against distilled water
for 48 hours before it was used. The phosphatase preparation was
also further purified by absorption on charcoal and elution with
buffer pH 8.3. Phosphatases representing 0.027 Bodansky units
were used in this experiment. With the liver precipitate alone, no
splitting occurred; with the phosphatase alone 3.2 per cent; while
with both enzymes together, in a corresponding time, 22.4 per cent
splitting resulted.
The precipitate recovered from the mouse liver showed, as men-
tioned, some butyrase activity. This was determined on methyl-
butyrate by the titrimetric method recommended by Willst'atter and
Memmen."
The question of whether butyrase was the responsible factor in
the splitting of the lipoids or was merely an incidental component
of the preparation had to be examined. Quinine is reported to
inhibit the lipases of the serum and pancreas, but not the esterases
(butyrases) of liver and other organs (Rona86); it also inhibits the
lecithinase of the serum.4 Experiments were set up as indicated in
Table 3 with lecthin and tuberde phosphatide, respectively, as
substrates. Quinine dihydrochloride was added in an amount of
5/5,500 to each set. The results aregiven in Table 5.
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TABLE 5
EFFECT OF QUININE (5/5,500) ON THE SPLITTING ACTION OF ACETONE-ETHER-
TREATED MOUSE POWDERS
Result on TB phos-
Result on lecithin phatide
Amoutof Incubation mg. phos. splitting mg.phos. splitting Enzyme substrates ti?e splitoff in% split of in _fo
Lung 2 cc. of a 64 hrs. .0038 2.1 .0039 22
0.25% suspen.
Liver
it sp . none none none none
Spleen
di . .0034 1.8 none none
Kidney . . .. none none .0133 7.6
The almost complete inhibition is obvious if the data in Table S
are compared with those in Tables 2 and 3 representing the various
splitting effects when uninhibited by quinine. A quinine concentra-
tion of 5/11,000 produced approximately 50 per cent inhibition,
while a concentration of 5/22,000 had no effect, as was found in
experiments similar to those indicated in Table 5.
When identical powders were tested for their esterase activity
on methylbutyrate, with and without the addition of quinine, the
following results were obtained. (Table 6.)
TABLE 6
NON-INHIBITORY EFFECT OF QUININE ON MOUSE ESTERASES
Time Resultsincc. ofn/10KOH
Enzyme Substrate of -A- - -
incubation withoutquinine with quitnne
Liver (n/40 0.6 cc. methyl- 1 hr. ... -.55
NH40H elution of butyrate 24 hrs. 4.85* 8.75*
20 mg. powder) 72 hrs. 8.15 9.65
Lung (similar
is 1 hr. ... 1.15
elution) 24 hrs. 4.05 4.95
72 hrs. 9.05 4.80
KidneT (similar 1 hr. 1.20 ...
elutlon) 24 hrs. 8.40 6.95
:_____ 72 hrs. &30 7.40
Liver precipitate 1 hr. ...It .. t
(similar elution) 24 hrs. ... 3.00
__________ _ .. 72 hrs. 3.20 7.10
*Different lots of powder.
t Different lots of precipitate.
There was no inhibition comparable to
splitting of the lipoids.
that described for the
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Discussion
Numerous studies of enzymes from human and animal tissues
possibly concerned with the disintegration of the tuberde bacillus
or its components have been made. A comprehensive review of this
subject has been madeby Wells and Long." Among recent publica-
tionsthat of Isabolinsky and Gitowitsch20 is ofinterest. Their experi-
ments were repeated and criticized by Toda,41 who assumes that the
destruction of the tubercle bacilli by lipoid substances as found by
Isabolinsky and Gitowitsch was not due to an enzyme but to fatty
acids separated from the lipoids. Day and Gibbs,9 in their investi-
gations of theeffect ofpancreatic juice on bacteria, mentioned experi-
ments concerning tubercle bacilli, but no specific enzyme was
recorded as responsible for the impeding effect claimed. Corper8
described lysis of tubercle bacilli in the course of aseptic autolysis of
canine lung, liver, and spleen.
Concerning the effect of enzymes on fractions of the tubercle
bacillus six recent publications may briefly be mentioned. Dick-
man,11 in his investigations on Galleria melonella, found that larvae
could live on the waxes of the tubercle bacillus obtained by Ander-
son's method, but his attempts to separate the active principle from
the larvae were inconclusive. Wallace and Bray43 demonstrated
that Lactobacillus pentoaceticus and other microorganisms were cap-
able of destroying entirely the carbohydrate fraction of the tubercle
bacillus during 28 days of incubation.
In 1938, Kraut and Burger28 published the results of their inves-
tigations, extending over several years, concerning the splitting of
the acetone-soluble fat ofthe tubercle bacillus. They studied whole
blood and acetone-ether extracts of pancreas and liver, obtained from
various animal species, as to their ability to cleave the tubercle fat
in comparison with their effect on methylbutyrate and tributyrine.
A manometric method was used. Their mixtures contained 12.5
mg. of tubercle fat in 2 cc. of bicarbonate and 2 cc. of serum or of
glycerine suspensions of acetone-ether-treated organs. Their most
significant result was that neither the butyrase nor the tributyrase
activity of serum or of other enzyme preparations indicated ability
to split the tubercle fat. A survey of three less comprehensive
investigations on the enzymatic splitting of the fat of tubercle
bacilli-by Ghiron,18 Kanocz,21 and Rordorf37 may be found in Kraut
and Burger's paper.
The present experiments demonstrate that phosphatases share
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in the deavage of the tubercle phosphatide. Their effect on the
usual synthetic substrates, however, does not correspond to the
results of splitting on this lipoid. This is best seen from com-
parisons of the reaction velocity on the various substrates. Further-
more, a higher concentration or purification of phosphatases does not
increase the effect. If, however, a lipase which does not by itself
split off inorganic phosphorus has previously acted upon the tuberde
phosphatide a marked increase of cleavage with the phosphatase
results. This suggests that the action of a lipase preceding that
of the phosphatase is an essential factor and that the resultant of
the activity ofboth enzymes determines the final amount of splitting.
Since, however, each enzyme may vary in concentration with any
organ, the estimation of the activity of one of them does not indicate
the ability of a particular organ to split the tubercle phosphatide.
Attempts were made toidentify the nature ofthe second enzyme.
It was demonstrated that a lecithinase, as found in certain snake
venoms, promoted the splitting effect when applied to the tubercle
phosphatide. But this type of enzyme could not be found in the
mammalian tissues; this was at variance with Francioli's findings."4
A search for another lipoid-splitting enzyme in the mammalian
tissues was made. Such an enzyme was demonstrated in experi-
ments with mouse liver. By the application of quinine as an
inhibitor this was shown not to be a butyrase. The possible objec-
tion that this extract represents only a co-enzyme of the phosphatase
is met by the demonstrated high splitting effect of the phosphatase
preparation on the synthetic substrate.
The enzymatic breakdown of lecithin has been investigated
recently and discussed by Contardi and Ercoli.7 They assume sev-
eral enzymes asnecessary for a complete breakdown. These investi-
gations corroborate the assumption of Contardi and Ercoli in so
far as the action of two different enzymes can be demonstrated. If,
according to their suggestion, the lecithinase present in the snake
venom is called lecithinase "A," then the enzyme recovered from
mouse liver approximates their lecithinase "B."
Another unexplained observation was the difference in amount
of splitting by identical enzyme preparations on lecithin and tubercle
phosphatide. One explanation is suggested by the difference in the
phosphoric esters in the two compounds (Anderson, l.c.). It is
known from the literature that different phosphorus compounds are
attacked by identical phosphatases at different rates.
4142 YALE JOURNAL OF BIOLOGY AND MEDICINE
The secondary r8le of phosphatases in the breakdown of the
phosphatide gains interest when it is recalled that, of all the lipoid
fractions of the tubercle bacillus, the phosphatide is the one which
contains most of the phosphorus. The only other fractions yielding
small amounts of phosphorus on cleavage are the "purified wax"
and the "'unfilterable firmly bound lipids" (0.41 and 0.20 per cent
phosphorus, respectively, Anderson, l.c.). Computing the abso-
lute amounts recovered from dried bacilli, the proportion of the
phosphorus present in the phosphatide and in other fractions is
4.5:1. The present results are of interest in view of the discussed
relationship of phosphatase activity and the disease tuberculosis
(Moussa,83 Binet and Pantrat,5 Kodaljeu and Altschuler27).
REFERENCES
I Albers, H., and Albers, E.: Ztschr. f. physiol. Chem., 1935, 232, 189.
2 Anderson, R. J.: J. Biol. Chem., 1927, 74, 525.
3 Anderson, R. J.: Harvey Lectures, 1939, xxxv, 271.
4 Bergenhem, B., and Fahraeus, R.: Ztschr. f. exper. Med., 1935, 97, 555.
5 Binet, L., and Pantrat, J.: Compt. rend. Acad. d. sc., 1933, 97, 945.
6 Bodansky, A.: J. Biol. Chem., 1932, 99, 197.
7 Contardi, D., and Ercoli, A.: Arch. di sc. biol., 1935, 21, 1.
8 Corper, H. J.: Am. Rev. Tuberc., 1931, 23, 56.
9 Day, A. A., and Gibbs, W. M.: J. Infect. Dis., 1930, 46, 26.
10 Delezenne, C., and Ledebt, E.: Compt. rend. Acad. d. sc., 1911, 152, 790.
11 Dickman, A.: J. Cell. & Comp. Physiol., 1933, 3, 2.
12 Evelyn, K. A.: J. Biol. Chem., 1936, 115, 63.
13 Folley, S. J., and Kay, H. D.: Ergebn. d. Enzymforsch., 1936, v.
14 Francioli, M.: Fermentforsch., 1934, 14, 241.
15 Gerstl, B., and Thomas, R. M.: Yale J. Biol. & Med., 1940/41, 13, 679.
16 Ghiron, M.: Fermentforsch., 1934, 14, 182.
17 Glick, D., and King, C. G.: J. Biol. Chem., 1932, 95, 477.
18 Gulland, J. M., and Jackson, E. M.: Biochem. J., 1938, 32, 1590.
19 Hewitt, L. F.: Biochem. J., 1927, 21, 216.
20 Isabolinsky, M., and Gitowitsch, W.: Ztschr. f. Immunititsforsch., 1927, 51,
402.
21 Kanocz, D.: Ztschr. f. Tuberk., 1931, 63, 113.
22 Kay, H. D.: Biochem. J., 1928, 22, 855.
23 King, E. J.: Biochem. J., 1931, 25, 799.
24 King, E. J.: Biochem. J., 1934, 28, 476.
25 King, E. J., and Dolan, M. D.: Biochem. J., 1933, 27, 403.
26 King, H., King, E. J., and Page, J. H.: Ztschr. f. physiol. Chem., 1930,
191, 234.
27 Kodaljeu, B., and Altschuler, M.: Beitr. z. Klin. d. Tuberk., 1933, 83, 433.
28 Kraut, H., and Burger, H.: Ztschr. f. physiol. Chem., 1938, 253, 105.FACTORS IN RESISTANCE TO TUBERCULOSIS 43
29 Kuttner, T., and Cohen, H. R.: J. Biol. Chem., 1927, 75, 517.
30 Kuttner, T., and Lichtenstein, L.: J. Biol. Chem., 1930, 86, 671.
31 Levene, P. A., and Rolf, J. P.: J. Biol. Chem., 1927, 74, 713.
32 Michaelis, L.: Biochem. Ztschr., 1931, 234, 139.
33 Moussa, B.: Gior. di batteriol. e immunol., 1933, 11, 321.
34 Neuberg, C., and Simon, E.: Die Fermente (C. Oppenheimer), iii, 424.
35 Pincussen, L., and Oya, T.: Biochem. Ztschr., 1929, 215, 365.
36 Rona, P., and Pavlovic, R.: Biochem. Ztschr., 1923, 134, 108.
37 Rordorf, R.: Arch. di sc. biol., 1934, 20, 469.
38 Roulet, F., and Bloch, R.: Virchows Arch. f. path. Anat., 1936, 298, 311.
39 Sabin, F. R., Doan, C. A., and Forkner, C. E.: J. Exper. Med., 1930, 52,
suppl. 3.
40 Thomas, R. M., and Dessau, F.: Yale J. Biol. & Med., 1939/40, 12, 185.
41 Toda, T.: Zentralbl. f. Bakt., 1930, 117, 489.
42 Waldschmidt-Leitz, E.: Die Fermente (C. Oppenheimer), 'M", 714.
43 Wallace, F. J., and Bray, H. A.: Am. Rev. Tuberc., 1936, 35, 370.
44 Wells, H. G., and Long, E. R.: The Chemistry of Tuberculosis, Williams &
Wilkins Co., Balt., 1932.
45 Willstatter, R., and Memmen, F.: Die Fermente (C. Oppenheimer), 1925,
suppl. 1, 16.